Simplifying the configurations of organic light-emitting diodes (OLEDs) without sacrificing device performances is of high practical importance to shorten fabrication procedures and cut down cost. In view of this, organic active materials for OLEDs are anticipated to possess multiple functions, including high solid-state emission efficiency, efficient holeand/or electron transport ability, etc. To realize this purpose, we designed a series of bifunctional materials consisting of a silole core and electron-transporting functional groups, such as dimesitylboryl and diphenylphosphoryl groups. These silole derivatives show aggregation-enhanced emission (AEE) characteristics and afford high emission efficiencies in the solid films. The presence of these electron-withdrawing substituents lowers the LUMO energy levels as revealed by cyclic voltammetry, and allows for efficient electron transport ability of the luminogens. The double-layer OLEDs fabricated using these silole derivatives as light-emitting and electron-transporting layers simultaneously show good electroluminescence performances, which are almost equal to those of triple-layer OLEDs with an additional electrontransporting layer (TPBi), revealing that they are excellent n-type light emitters. These results demonstrate that the combination of AEE-active luminogens with charge transport groups at molecular level is a promising design for multifunctional solid-state light emitters.
INTRODUCTION
To realize wide application of OLEDs in our daily life, the decrease of manufacture cost is an important factor. In addition to advances in the device fabrication techniques, the development of robust active materials with multiple functions can reduce the kinds of active layers adopted in device, and simplify the device fabrication procedures. Besides the multifunctionality, the high solid-state fluorescence efficiency is also essential for active layers. However, the aggregation-caused quenching problem often weakens the fluorescence of many luminescent materials that show good fluorescence in solutions, which severely undermines the device performance. Recently, we proposed a new method to develop efficient solid-state luminescent materials with electron or hole transport abilities. [1] [2] [3] Introducing functional groups with excellent electron or hole transport ability into the light emitting core with aggregation-induced emission (AIE) or aggregation-enhanced emission (AEE) [4] [5] [6] generated luminescent materials exhibiting not only high solid-state fluorescence but also good carrier transport ability, which could be used to fabricate efficient double-layer OLEDs. To further develop bifunctional materials, herein, we present two n-type light emitters consisting of a silole core and dimesitylboryl or diphenylphosphoryl functional groups (Figure 1) . The generated silole derivatives show high photoluminescence (PL) efficiency in the solid films, high thermal stability, low-lying LUMO energy levels, and good electroluminescence (EL) property. They are potential active materials for the OLEDs with a simplified configuration.
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Materials and Measurements
The synthesis and characterization data of target silole derivatives will be published elsewhere. UV-vis absorption spectra were measured on a Shimadzu UV-2600 spectrophotometer. Photoluminescence spectra were recorded on a Horiba Fluoromax-4 spectrofluorometer. Fluorescence quantum yields were determined using a Hamamatsu absolute PL quantum yield spectrometer C11347 Quantaurus-QY. TGA analysis was carried on a SHIMADZU TGA-50 under dry nitrogen at a heating rate of 10 o C min . Cyclic voltammetry was measured in acetonitrile solution with 0.1 M tetrabutylammonium hexafluorophosphate as the supporting electrolyte at a scan rate of 50 mV s -1 using platinum as the working electrode and saturated calomel electrode as the reference electrode.
Device Fabrication:
Glass substrates pre-coated with a 170 nm thin layer of indium tin oxide (ITO) with a sheet resistance of 10 Ω per square were thoroughly cleaned in ultrasonic bath of acetone, isopropyl alcohol, detergent, deionized water, and isopropyl alcohol and treated with O2 plasma for 20 min in sequence. Organic layers were deposited onto the ITO-coated substrates by high-vacuum (< 5 × 10
Pa) thermal evaporation. A thin hole-transporting layer NPB was deposited. Next, a thin layer of (MesBF)2MTPS or (DPPOF)2MTPS was deposited to form emitting layer (EML). Finally, a thin electron-transporting layer (ETL) of TPBi was deposited to transport electrons. Cathodes, consisting of a 1 nm thin layer of LiF followed by a 100 nm thin layer of Al, were patterned using a shadow mask with an array of 3 mm × 3 mm openings. Deposition rates are 1~2 A s −1 for organic materials, 0.1 A s −1 for LiF, and 6 A s 
RESULTS
The photophysical property of (MesBF)2MTPS and (DPPOF)2MTPS were investigated ( Table 1 ). The absorption maxima of (MesBF)2MTPS and (DPPOF)2MTPS were located at 411 and 403 nm, associated with π-π* transitions of the molecular backbones. In THF solution, (MesBF)2MTPS and (DPPOF)2MTPS showed moderate PL emissions with close PL maxima at 525 nm and fluorescence quantum yields (ФF) of 15% and 7.5%, respectively. In the solid films, both silole derivatives still showed identical PL maxima at 535 nm, which were red-shifted by 10 nm relative to those in THF solution. Their solid films were highly fluorescent, and the ФF values of the films of (MesBF)2MTPS and (DPPOF)2MTPS were 88% and 83%, respectively. The values were much higher than those in THF solution, revealing their aggregation-enhanced emission (AEE) feature. To further confirm their AEE characteristics, water was added into their THF solutions and the PL spectra were recorded. It can be seen that as the increase of water fraction in THF/water mixtures, the PL intensity was enhanced gradually, and reached to maximum in aqueous media ( Figure 2 ). Due to the poor solubility of these silole derivatives in aqueous solution, the silole molecules were aggregated to form nanoparticles. Therefore, the enhanced PL intensity should be caused by the aggregate formation, which further validated the AEE characteristic. To check the feasibility of these silole derivatives for the fabrication of OLEDs by vacuum deposition technique, their thermal stability was evaluated. Their thermal property was investigated by thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). Generally, these silole derivatives exhibited good thermal property, which enabled them to function as active materials for OLEDs. The different functional groups, of course, gave rise to varied thermal properties. (DPPOF)2MTPS showed a decomposition temperature of 340 o C, which was higher than that of (MesBF)2MTPS (257 o C), suggesting it was of better thermal stability. However, the glass-transition temperature of (MesBF)2MTPS was 171 °C, being higher than that of (DPPOF)2MTPS (141 o C). This revealed that (MesBF)2MTPS was more morphologically stable.
Before fabrication of OLEDs, the energy levels of these silole derivatives were measured by cyclic voltammetry in acetonitrile solution with 0.1 M tetrabutylammonium hexafluorophosphate as supporting electrolyte at a scan rate of 50 mV s −1 . The oxidation onset potential (Eonset) of (MesBF)2MTPS was -1.12 eV. The HOMO energy level thus was calculated to be -5.52 eV [HOMO = -(4.4 + Eonset )]. The LUMO energy level was determined as -2.96 eV from the optical band gap energy (Eg) and the HOMO value (LUMO = - (HOMO + Eg) ). By the same method, the HOMO and LUMO energy levels of (DPPOF)2MTPS were calculated to be -5.57 and -2.97 eV, respectively. Therefore, it can be seen that the introduction of dimesitylboryl and diphenylphosphoryl groups leaded to low-lying LUMO energy levels.
To investigate the EL property of these silole derivatives, triple-layer OLEDs with a configuration of ITO/NPB (60 nm)/silole derivative (20 nm)/TPBi (40 nm)/LiF (1 nm)/Al (100 nm) (Device I) were fabricated, in which the (MesBF)2MTPS or (DPPOF)2MTPS functioned as light-emitting layer, N,N-bis(1-naphthyl)-N,N-diphenylbenzidine (NPB) served as hole-transporting layer, and 1,3,5-tris(N-phenylbenzimiazole-2-yl)-benzene (TPBi) were electrontransporting layer. The device performance data are listed in Table 2 , and the EL spectra and characteristic curves of the devices are shown in Figure 3 . The devices of these silole derivatives in the triple-layer devices showed yellow EL emissions peaking at 554 and 552 nm, respectively. The device I of (MesBF)2MTPS showed better performance than that of (DPPOF)2MTPS, affording high maximum luminance, current efficiency, and external quantum efficiency of 48348 cd m , and 4.1%. However, (DPPOF)2MTPS in double-layer device showed much better performance than (MesBF)2MTPS. The device II with a configuration of ITO/NPB (60nm)/(DPPOF)2MTPS (60 nm)/LiF (1 nm)/Al (100 nm), where (DPPOF)2MTPS functioned as both light-emitting and electron-transporting layer, was turned on at a low voltage of 3.1 V, which was equal to that in the triple-layer device I. The maximum luminance, current efficiency, and external quantum efficiency of the device were 16656 cd m , and 3.2%), demonstrating the bifunctionality of (DPPOF)2MTPS. Given the comparable energy levels and solid-state fluorescence efficiencies of (DPPOF)2MTPS and (MesBF)2MTPS, the inferior EL performance of double-layer OLED of (MesBF)2MTPS was possibly caused by the unsuitable contact between (MesBF)2MTPS and LiF/Al electrode, which was evidenced by the much large turn on voltage of 6.2 V of the device II of (MesBF)2MTPS. 
4． CONCLUSION
In summary, two silole derivatives carrying dimesitylboryl or diphenylphosphoryl groups were prepared and characterized. They showed AEE characteristics and became highly emissive in the solid films with high ФF values of up to 88%. They were of high thermal and morphological stabilities, which were suitable for the fabrication of OLED with vacuum deposition technique. Both silole derivatives showed low-lying LUMO energy levels, indicating their good electron transport potential. These silole derivatives were excellent light emitters, and the triple-layer OLEDs using these silole derivatives as light-emitting layer exhibited good performances, with high luminance of 48348 cd/m 2 and high EL efficiencies of 12.3 cd/A and 4.1%. In addition, the double-layer OLED adopting (DPPOF)2MTPS as both light-emitting and electron-transporting layer gave comparable performance (8.7 cd/A and 2.9%) to the triple-layer device (9.2 cd/A and 3.1%), suggesting it was an promising n-type solid-state light emitter.
